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© Organic electroluminescene device. 

© An organic electroluminescence device comprises an electron transport layer (5), an organic emitting layer 
(3) and an organic hole transport layer (4) laminated in sequence and arranged between a cathode (1) and an 
anode (2), is characterised in that the electron transport layer is made of a 1,10- or1,7- or 4,7-phenanthroline 
derivative or a 5,6-dihydro-dibenzo(bj)phenanthroline derivative. The electroluminescence device is capable of 
improved durability and emission of blue light at high luminance and high efficiency on application of a low 
voltage. 
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The present invention relates to an electroluminescence (EL) device having an emitting layer made of 
an emitting substance, which utilizes an electroluminescence phenomenon that the emitting substance 
emits light by applying an electric current to the emitting layer. More particularly, it is concerned with an 
organic EL device in which the emitting layer is made of an organic emitting substance. 

As organic EL devices, there have been known an device of two-layer structure having two layers of 
organic compounds as shown in Fig. 1, in which an organic fluorescent thin film 3 (hereinafter referred as 
"emitting layer") and an organic hole transport layer 4 are laminated with each other and are arranged 
between a metal cathode 1 and a transparent anode 2. There have been also known an device of tree-layer 
structure having three layers of organic compounds as shown in Fig. 2, in which an organic electron 
transport layer 5. an emitting layer and an organic hole transport layer 4 are laminated in sequence and are 
sandwiched as a whole between a metal cathode 1 and a transparent anode 2. The hole transport layer 4 
facilitates the infusion of the holes from the anode and blocks electrons. The electron transport layer 5 
facilitates the infusion of electrons from the cathode. 

In these organic EL devices, a glass substrate 6 is furnished outside the transparent anode 2 The 
recombination of electrons infused from the metal cathode 1 and the holes infused from the transparent 
anode 2 to the emitting layer 3 generates excitons. The excitons emit light when they are deactivated 
through radiation. This light radiates toward outside through the transparent anode 2 and the glass substrate 
6. 

Such aforementioned organic EL device can emit light even by application of a lower voltage It is 
however expected to develop an EL device capable of emission at a further high luminance efficiency. 

An object of the present invention is to provide an organic EL device capable of stably emitting light at 
a high luminance and a high efficiency to satisfy the above mentioned expectation. 

An organic EL device according to a first aspect of the present invention comprises an anode a hole 
transport layer of organic compound, an emitting layer of organic compound, an electron transport layer of 
organic compound and a cathode, which are laminated in sequence, wherein said electron transport layer is 
made of a 1,10-phenanthroline derivative represented by the following chemical formula (1a) 




where R, - Rs independently represent a hydrogen atom, a substituted or unsubstituted alkyl group a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom a nitre 
group, a cyano group or a hydroxyl group. 

An organic EL device according to a second aspect of the present invention comprises an anode a 
hole transport layer of organic compound, an emitting layer of organic compound, an electron transport 
layer of organic compound and a cathode, which are laminated in sequence, wherein said electron transport 
layer is made of a 1 ,7-phenanthroline derivative represented by the following chemical formula (1b) 
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where Ri - R 8 independently represent a hydrogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a nitro 
group, a cyano group or a hydroxyl group. 

An organic EL device according to a third aspect of the present invention comprises an anode, a hole 
5 transport layer of organic compound, an emitting layer of organic compound, an electron transport layer of 
organic compound and a cathode, which are laminated in sequence, wherein said electron transport layer is 
made of a 4,7-phenanthroline derivative represented by the following chemical formula (1c) 



w 



15 




(lc) 



where Ri - Rs independently represent a hydrogen atom, a substituted or unsubstituted alkyl group, a 
20 substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a nitro 

group, a cyano group or a hydroxyl group. 

An organic EL device according to a fourth aspect of the present invention comprises an anode, a hole 

transport layer of organic compound, an emitting layer of organic compound, an electron transport layer of 

organic compound and a cathode, which are laminated in sequence, wherein said electron transport layer is 
25 made of a phenanthroline derivative framed by 5,6-dihydro-dibenzo[bj]phenanthroline represented by the 

following chemical formula (Id) 
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35 




(id) 
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where Ri - Rio independently represent a hydrogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a nitro 
group, a cyano group or a hydroxyl group. 

According to the present invention, there is obtained an organic EL device capable of stably emitting 
45 light at a high luminance and a high efficiency with the durability. 

Fig. 1 is a schematic diagram showing an organic EL device with two-layer structure; 
Fig. 2 is a schematic diagram showing an organic EL device with tree-layer structure; and 
Fig. 3 is a graph showing luminance changes in the lapse of time with respect to organic EL devices of 
both Example 6 and Comparative 2. 
so The embodiments according to the present invention will he described in more detail with reference to 
the accompanying drawings. 

The EL device in accordance with the present invention is similar to the organic EL device of the 
structure shown in Fig. 2. Such an EL device has the three-layer structure formed by layering an organic 
electron transport layer 5, the organic fluorescent film 3 and the organic positive-hole transport layer 4 in 
55 sequence between a pair of the metal cathode 1 and the transparent anode 2. In this structure of the EL 
device, at least one of the electrodes 1 and 2 may be transparent. The cathode 1 is formed of a metal with 
a lower work function such as aluminum, magnesium, indium, silver or alloys of the individual metals thereof 
in the thickness range of from about 100 to 5000 angstroms. The transparent anode 2 is formed of an 

3 
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electric conductive material with a higher work function such as indium-tin oxide (ITO) In the thickness 
range of from about 1000 to 3000 angstroms. Alternatively, the transparent anode 2 may be formed of gold 
with the thickness of from about 800 to 1500 angstroms. The electrode of gold thin film is semitransparent. 

The hole transport layer 4 of Fig. 2 is made of a triphenylamine derivative represented by the following 
formula (2). The organic hole transport layer 4 may also be made of a carrier transmitting material (CTM) 
represented by the following formulas (3) to (13). 
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The emitting layer 3 of the organic EL device comprises the organic fluorescent compound. Preferred 
examples of the compound are tetraphenylbutadiene (TPB) derivatives respectively represented by the 
50 following chemical formulas 14 to 16 and 16a. 
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(14) 



(15) 



(16) 



(16a) 



In addition, other preferred examples used for the emitting layer 3 are represented by the following 
formulas 17 to 25. The emitting layer 3 may include another fluorescent compound as a guest material. The 
thickness of the emitting layer 3 is within 1 micron meter or less. 
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(23) 



(24) 



(25) 



The electron transport layer 5 is preferably made of a phenanthroline derivative generally represented 
by the following chemical formula (1a) which framed by 1,10-phenanthroline hereinafter denoted by formula 
(26). 




(la) 



where Ri - Rs independently represent a hydrogen atom, a substituted or unsubstituted alky! group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a nitro 
group, a cyano group or a hydroxyl group. 

Preferred examples of 1,10-phenanthroline derivatives which may be employed as the electron transport 
layer 5 are represented by the following chemical formulas 26 to 82. 
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In addition, other preferred examples used for the electron transport layer 5 are 1,7-phenanthroline 
derivative represented by the following formula (1b) and 4,7-phenanthroline derivative represented by the 
following formula (1c). 
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where Ri - Rs independently represent a hydrogen atom, a substituted or unsubstituted alky I group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a nitro 
so group, a cyano group or a hydroxyl group. 

Furthermore, another preferred examples used for the electron transport layer 5 is is made of a 
phenanthroline derivative framed by 5,6-dihydro-dibenzo[bj]phenanthroIine represented by the following 
chemical formula (id): 
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(Id) 



where Ri - Rio independently represent a hydrogen atom, a substituted or unsubstituted alkyl group, a 
is substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a nitro 
group, a cyano group or a hydroxyl group. Preferred examples of dihydro-dibenzo-phenanthroline deriva- 
tives represented by the following chemical formulas (88) - (91). The present invention is not restricted with 
these examples mentioned above. 



25 




(88) 



30 




45 



50 



55 



26 



EP 0 564 224 A2 



5 



10 



15 




(90) 



(91) 



20 

(Example 1) 

A glass substrate on which an anode of ITO had been formed at 1500A thick, was prepared. The 
substrate was washed by ultrasonic wave for 5 minutes in ethanoL After the substrate were dried, the 
25 triphenylamine derivative denoted by formula (2) was deposited on the ITO anode at the vacuum deposition 
rate of 3 A /sec by using a tantalum boat carrying the derivative to be a hole transport layer with the 
thickness of 500A . Each of this this film and the followings were formed by a vacuum deposition method at 
a vacuum conditions equal to or less than 1.0 x 10~ 6 Torr. 

Next, the tetraphenylbutadiene derivative of emitting substance denoted by formula (15) was deposited 
30 on the hole transport layer at the vacuum deposition rate of 4 A /sec to be an emitting layer with the 
thickness of 200A . 

Next, the 1,10-phenanthroline derivative denoted by formula (39) was deposited on the emitting layer at 
the vacuum deposition rate of 3 A /sec to be an electron transport layer with the thickness of 500A . 

Then, the magnesium and silver alloy was vacuum co-deposited on the electron transport layer in such 
35 a manner that magnesium was deposited at the deposition rate of 10A /sec simultaneously silver deposited 
at the deposition rate of 1 A /sec to be a cathode with the thickness of 1500 A . 

When the resultant EL device was operated with the application of the DC voltage 5V between the ITO 
anode and the Mg-Ag cathode, the emission of this EL device was luminance of 25 cd/m 2 of blue light. The 
luminance efficiency was 0.7 Im/W. 

40 

(Example 2) 

An EL device was assembled by the same procedure as in Example 1, except that the electron 
transport layer was made of another 1,10-phenanthroline derivative represented by formula (40) instead of 
45 the derivative used in Example 1. 

When the resultant EL device was operated with the application of the DC voltage 12V between the ITO 
anode and the Mg-Ag cathode, the emission of this EL device was luminance of 47 cd/m 2 of blue light. The 
luminance efficiency was 0.3 Im/W. 

so (Example 3) 

An EL device was assembled by the same procedure as in Example 1, except that the emitting layer 
was made of another tetraphenylbutadiene derivative represented by formula (14) instead of the emitting 
substance used in Example 1 . 
55 When the resultant EL device was operated with the application of the DC voltage 7V between the ITO 
anode and the Mg-Ag cathode, the emission of this EL device was luminance of 72 cd/m 2 of blue light. The 
luminance efficiency was 0.4 Im/W. 
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(Example 4) 

An EL device was assembled by the same procedure as in Example 1 , except that the emitting layer 
was made of 1,1,4,4-tetraphenyh1,3-butadiene represented by formula (16a) instead of the emitting 

substance used in Example 1. 

When the resultant EL device was operated with the application of the DC voltage 6V between the ITO 
anode and the Mg-Ag cathode, the emission of this EL device was luminance of 63 cd/m 2 of blue light. The 
luminance efficiency was 1.5 Im/W. When the resultant EL device was further operated with the application 
of the DC voltage 13V, the emission of this EL device was luminance of 5800 cd/m 2 of blue light. 

(Example 5) 

An EL device was assembled by the same procedure as in Examples 1 and 4, except that the cathode 
with the thickness of 800A was made of aluminum and lithium alloy at the Li concentration 0.2 wt.% in such 
is a manner that the alloy was vacuum co-deposited on the electron transport layer at the deposition rate of 
10A /sec. instead of the cathode substance used in Example 4. 

When the resultant EL device was operated with the application of the DC voltage 5V between the ITO 
anode and the Al-Li cathode, the emission of this EL device was luminance of 82 cd/m 2 of blue light. The 
luminance efficiency was 2.4 Im/W. When the resultant EL device was further operated with the application 
20 of the DC voltage 12V, the emission of this EL device was luminance of 9700 cd/m 2 of blue light. 

(Comparative example 1) 

An EL device was assembled by the same procedure as in Example 1, except that the electron 
25 transport layer was not formed between the emitting layer and the cathode. 

When the resultant EL device was operated with the application of the DC voltage 12V between the ITO 
anode and the Mg-Ag cathode, the emission of this EL device was luminance of 24 cd/m 2 of blue light. The 
luminance efficiency was 0.02 Im/W which was one figure less than that of Example 1 . 

30 (Example 6) 

An EL device was assembled by the same procedure as in Example 4. When the resultant EL device 
was kept by the constant-current application to emit light with luminance of 82 cd/m 2 at the same conditions 
of Example 1t, the half-life of the initial luminance of this EL device was 4 hours and 45 minutes under a 
35 vacuum state. 

(Comparative example 2) 

An EL device was assembled by the same procedure as in Examples 1 and 4, except that the electron 
transport layer 5 was made of ^-tert-butylphenyO-S-t^'-biphenyO-I.S.^oxadiazole (so called t-Bu-PBD 
which is well known as one of superior electron transport materials) denoted by the following chemical 
formula (86) instead of the electron transport material used in the Example 4. 
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CH 3 

When the resultant EL device was operated with the application of the DC voltage 7V between the ITO 
anode and the Mg-Ag cathode, the emission of this EL device was luminance of 29 cd/m 2 of blue light. The 
luminance efficiency was 1.4 Im/W. When the resultant EL device was further operated with the application 
of the DC voltage 13V, the emission of this EL device was luminance of 1300 cd/m 2 . The maximum 
luminance of Comparative 2 was about 1/4 lower than that of Example 4. 
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When the resultant EL device was kept by the constant-current application to emit light with luminance 
of 40 cd/m 2 , the half-life of the initial luminance of this EL device was 4 minutes under a vacuum state, 
which was far less than that of Example 6 as shown in Fig. 3. 

5 (Example 7) 

An EL device was assembled by the same procedure as in Examples 1 and 4, except that the electron 
transport layer was made of another 1 ,10-phenanthroline derivative represented by formula (40) instead of 
the derivative used in Example 1 . 

w When the resultant EL device was kept by the constant-current application to emit light with luminance 

of 200 cd/m 2 , the half-life of the initial luminance of this EL device was 4 hours and 45 minutes under a 
vacuum state. When the initial luminance of 40 cd/m 2 was kept, the half-life of the initial luminance of this 
EL device was 35 hours. When the initial luminance of 10 cd/m 2 was kept, the half-life of the initial 
luminance of this EL device was 100 hours. The half-life of the initial luminance of this EL device was 

15 greatly expanded in comparison with that of Example 2. 

(Example 8) 

An EL device was assembled by the same procedure as in Examples 1 and 4, except that the electron 
20 transport layer was made of 5.6-dihydro-dibenzo[bj]phenanthroline derivative represented by formula (88) 
instead of the hole transport matoruil used in Example 1. 

When the resultant EL device was kept by the constant-current application to emit light with luminance 
of 40 cd/m 2 , the half-life of the initial luminance of this EL device was 33 hour, which was greatly expanded 
in comparison with that of Example 2. 
25 As described above, the organic EL device according to the present invention comprises the electron 
hole transport layer, the organic emitting layer and the organic hole transport layer laminated in sequence 
and arranged between the cathode and the anode, in characterized in that the electron transport layer made 
of 1 JO- or 1,7- or 4,7-phenanthrolme derivative or 5,6-dihydro-dibenzo[bj]phenanthroline derivative. The 
organic EL device according to the present invention is capable of improving the durability and to emit blue 
30 light at a high luminance and a high efficiency upon application of a low voltage. 

Claims 

1. An organic Electroluminescence device comprising an anode, a hole transport layer of organic 
35 compound, an emitting layer of organic compound, an electron transport layer of organic compound 
and a cathode, which are laminated in sequence, wherein said electron transport layer is made of a 
1,10-phenanthroline derivative represented by the following chemical formula 




so where Ri - Rs independently represent a hydrogen atom, a substituted or unsubstituted alky I group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a 
nitro group, a cyano group or a hydroxy! group. 

2. An organic Electroluminescence device comprising an anode, a hole transport layer of organic 
55 compound, an emitting layer of organic compound, an electron transport layer of organic compound 

and a cathode, which are laminated in sequence, wherein said electron transport layer is made of a 1,7- 
phenanthroline derivative represented by the following chemical formula 
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where Ri - Rs independently represent a hydrogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a 
nitro group, a cyano group or a hydroxyl group. 

is 3. An organic Electroluminescence device comprising an anode, a hole transport layer of organic 
compound, an emitting layer of organic compound, an electron transport layer of organic compound 
and a cathode, which are laminated in sequence, wherein said electron transport layer is made of a 4,7- 
phenanthroline derivative represented by the Allowing chemical formula 



25 




30 

where Ri - Rs independently represent a hydrogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a 
nitro group, a cyano group or a hydroxyl group. 

35 4. An organic Electroluminescence device comprising an anode, a hole transport layer of organic 
compound, an emitting layer of organic compound, an electron transport layer of organic compound 
and a cathode, which are laminated in sequence, wherein said electron transport layer is made of a 
phenanthroline derivative framed by 5,6-dihydro-dibenzo[bj]phenanthroline represented by the following 
chemical formula 

40 
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where Ri - Rio independently represent a hydrogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted amino group, a halogen atom, a 
nitro group, a cyano group or a hydroxyl group. 
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© Organic electroluminescene device. 

© An organic electroluminescence device com- 
prises an electron transport layer (b), an organic 
emitting layer (3) and an organic hole transport layer 
(4) laminated in sequence and arranged between a 
cathode (1) and an anode (2), is characterised in that 
the electron transport layer is made of a 1,10- or1,7- 
or 4,7-phenanthroline derivative or a 5,6-dihydro- 
dibenzo(bj)phenanthroline derivative. The elec- 
troluminescence device is capable of improved dura- 
bility and emission of blue light at high luminance 
and high efficiency on application of a low voltage. 
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